Without imposing any theoretical models and assumptions, we investigate the possible multi-variable relationships among several direct observable quantities of gamma-ray bursts (GRBs), including the isotropic energy of the prompt gamma-ray emission (E γ,iso ), the rest-frame peak energy in the νF ν spectrum (E ′ p ), and the rest-frame break time in the optical afterglow light curves (t ′ b ) using a multiple variable regression method. Our GRB sample includes 15 bursts, whose E ′ p and t ′ b are well measured. The results indicate that E γ,iso strongly depends on both E ′ p and t ′ b with a very small dispersion. For example, for a flat Universe with Ω M = 0.28, the multi-variable relation could be written as E γ,iso /10 52 ergs = (0.90 ± 0.18) 19 . We extend such an analysis to the isotropic afterglow energies in the X-ray and the optical band, respectively, and find that they are essentially not correlated with E
INTRODUCTION
The phenomenon of gamma-ray bursts (GRBs) is a great mystery being solved. They are the brightest electromagnetic explosions the Universe since the Big Bang. It is believed that they are originated from cosmological distances, and their births follow the star formation rate (e.g., Totani 1997; Paczynski 1998; Bromm & Loeb 2002; Lin et al. 2004 ). Gamma-ray photons with energy from tens of keV to MeV are almost immune to dust extinction, and they should be detectable out to a very high redshift (Lamb & Reichart 2000; Ciardi & Loeb 2000; Gou et al. 2004 ). Since the cosmological nature (Metzger et al. 1997) and their probable relation to massive star formation (e.g., Paczynski 1998 , Totani 1997 were discovered, GRBs promised to become a new probe of cosmology and galaxy evolution (e.g., Djorgovski et al. 2003) . Thanks to the prompt localizations made by BeppoSAX, HETE-2 and other GRB missions, about 40 GRBs have been well followed up by ground-based telescopes, and their redshifts have been measured. Swift, a new satellite dedicated to localizations and multi-wavelength observations of GRBs and their afterglows, was successfully launched on Nov. 20, 2004 , which is more powerful than the previous GRB missions. It is expected to observe more than 100 bursts per year and to perform detailed X-ray and UV/optical afterglow observations spanning from 1 minute to several days after the burst (Gehrels et al. 2004 ). The number of GRB redshift detections is expected to increase rapidly, and it looks promising that a new era of using GRBs to 1 perform new and systematic studies on cosmology is coming.
More recently, using GRBs as potential standard candles to study cosmology receives more and more attention. Frail et al. (2001) found that the geometrically-corrected gamma-ray energy E jet for long GRBs is narrowly clustered around 5 × 10 50 ergs, suggesting that GRBs can be potentially standard candles. A refined analysis by Bloom, Frail, & Kulkarni (2003a) suggests that E jet is clustered around 1.3 × 10 51 ergs, but the dispersion of E jet is still too large so that it cannot be applied for the precision cosmology purpose. Schaefer (2003) considered two other luminosity indicators proposed earlier, i.e. the luminosityvariability relationship (Fenimore & Ramirez-Ruiz 2000; Reichart et al. 2001 ) and the luminosity-spectral lag relationship (Norris, Marani, & Bonnell 2000) , for nine GRBs with known redshifts, and pose an upper limit on the mass density of the Universe, i.e., Ω M < 0.35 (1σ). Using 12 BeppoSAX bursts, Amati et al. (2002) found a relationship between the isotropic-equivalent energy radiated during the prompt phase (E γ,iso ) and rest frame peak energy in the GRB spectrum (E ′ p ), i.e., E ′ p ∝ E 1/2 γ,iso . This relation was confirmed and extended to the softer regime to include X-ray flashes with the HETE-2 data (Sakamoto et al. 2004a; Lamb et al. 2005 ). In addition, the general correlation also exists in the BATSE bursts (Lloyd-Ronning et al. 2002) , and it is also valid for the temporal-dependent spectra within a single GRB . Possible theoretical explanations of this correlation have been proposed (Zhang & Mészáros 2002a; Dai & Lu 2002; Yamazaki, Ioka, & Nakamura 2004; Eichler & Levinson 2004; Rees & Mészáros 2005) . However, because of a large dispersion, this relationship is not good enough to serve a standard candle for the cosmology purpose. Ghirlanda et al. (2004a) discovered that a tighter correlation is available if one modifies the Amati-relation by correcting E γ,iso with the geometrical "jet" beaming angle. This gives i.e., E jet ∝ (E ′ p ) 3/2 , where E jet = E γ,iso (1 − cos θ jet ), and θ jet is the so-called jet opening angle inferred from the "jet" break time imprinted in the light curves (usually in the optical band, and in some cases in the radio band) by assuming a uniform top-hat jet configuration. It is puzzling from the theoretical point of view how a global geometric quantity (jet angle) would conspire with E γ,iso to affect E ′ p . Nonetheless, the correlation has a very small scatter which is arguably good enough to study cosmology. By assuming that the correlation is intrinsic and with a sample containing 14 GRBs, Dai, Liang, & Xu (2004) constrained the mass content of the universe to be Ω M = 0.35 ± 0.15 in the case of a flat Universe. They also constrain the dark matter equationof-state parameter in the range of w = −0.84 +0.57 −0.83 at 1σ level. Ghirlanda et al. (2004b) evaluated the goodness of this relationship in different cosmology by exploring the full cosmological parameter space and came up with a similar conclusion. On the other hand, Friedmann & Bloom (2005) suggested that this relationship is only marginal but not adequate enough for studying precision cosmology. The main criticisms are related to several assumptions involved in the current Ghirlanda-relation, such as constant medium density (which could vary in different bursts, e.g. Panaitescu & Kumar 2002) , constant radiative efficiency (which also varies from burst to burst, e.g. Lloyd-Ronning & Zhang (2004) ; Bloom et al. (2003a) and references therein), and the assumption of the top-hat jet configuration (in principle jets are possibly structured, Rossi et al. 2002; Zhang & Mészáros 2002b) . Nonetheless, using the refined Ghirlanda-relation to study GRB cosmology is actively discussed in the community (e.g. Firmani et al. 2005; Qin et al. 2005; Xu et al. 2005; Xu 2005; Mortsell & Sollerman 2005) .
In this work, we take a different approach to address the GRB standard candle problem. Instead of sticking to the jet model and search for the correlation between E ′ p and E jet (which requires a model-and parameter-dependent jet angle), we start with pure observable quantities to search for possible multi-variable correlations using a regression method. The motivations are two-fold. First, within the jet model, there is no interpretation to the Ghirlanda relation. It is relative easy to imagine possible correlations between E ′ p and E γ,iso (e.g. Zhang & Mészáros 2002a; Rees & Mészáros 2005) , since the latter is also a manifestation of the energy per solid angle along the line of sight, which could be possibly related to the emitted spectrum. However, it is hard to imagine how the global geometry of the emitter would influence the local emission property 1 . Now that the jet model is not a good one to interpret the relation, we think one does not have to stick to this theoretical framework. We therefore look for more empirical correlations using pure observable quantities. This would allow more freedom for possible interpretations. Second, within various theoretical models (e.g. Table 1 of Zhang & Mészáros 2002a) , the value of E ′ p depends on multiple parameters. The problem is intrinsically multi-dimensional. It is pertinent to search for multi-variable correlations rather than searching for correlations between two parameters only.
Below we perform a blind search for the possible multi-variable correlations among several essential observable quantities, including the isotropic gamma-ray energy E γ,iso , the isotropic X-ray afterglow energy E XA,iso , the isotropic optical afterglow energy E OA,iso , the properframe peak energy E ′ p , and the temporal break in optical afterglow light curves (t ′ b ). In §2, we describe the sample selection criteria and the data reduction method. Results of multiple regression analysis are presented in §3. A best fit relation is used to study cosmology in §4, and conclusions and discussion are presented in §5. Throughout the work the Hubble constant is adopted as H 0 = 71.3 km s −1 Mpc −1 .
SAMPLE SELECTION AND DATA REDUCTION
Our sample includes 15 bursts with measurements of redshift z, spectral peak energy E p and the optical break time t b . Nakar & Piran (2005) has suggested that the observed E iso − E p relation might be influenced by observational biases. Band & Preece (2005) further argued that both the relations of E iso − E p and E jet − E p are an artifact due to some selection effects. Nonetheless, we believe that one does not have to require that all GRBs form a global sample to serve as a standard candle. If one can identify a subclass of GRBs to act as a standard candle (such as Type Ia supernovae in the supernova zoo), such a sample could give meaningful implications to cosmology. Our selected GRBs belong to such a category, which assemble a unique and homogeneous subclass. Notice that in order preserve homogeneity, we do not include those bursts whose afterglow break time were observed in the radio bands (GRB 970508, GRB 000418, GRB 020124) or the X-ray band (GRB970828) but not seen in optical bands. Since we are not sticking to the jet model, we do not automatically accept that there should be a temporal break as well in the optical band. We also exclude those bursts whose E p or t b are not directly measured (but with upper or lower limits or inferred from theoretical model fittings). This gives a sample of 15 bursts up to Feb, 2005. They are tabulated in Table 1 with the following headings:
(1)GRB name; (2)redshift; (3)-(5) spectral fitting parameters, low-energy index α, high-energy index β, and the spectral peak energy E p with error σ Ep , respectively; (6) the observedγ-ray fluence (S γ ) with error (σ Sγ ); (7) corresponding observed energy band; and (8) references for these observational data. Please note that our GRB sample are almost the same as the samples in Girlanda et al. (2004a) , Dai et al. (2004) , and Xu et al. (2005) . These bursts are included in the Table 1 of Friedmann & Bloom (2005) , but that table also includes those bursts with only limits for E p , t j , and z, as well as those bursts whose t b were observed in the non-optical bands (or inferred from theoretical model fitings). We belive that our sample is more homogeneous than the sample listed in Friedmann & Bloom (2005) .
The X-ray and optical afterglow data of these GRBs are listed in Table 2 with the following headings: (1) GRB name;
(2) X-ray afterglow temporal decay index, α x ;
(3) the epoch of x-ray afterglow observation (in units of hours); (4) the X-ray flux (F x , in units of 10 −13 erg cm −2 s −1 ) in the 2-10 keV band at the corresponding epoch; (5) the X-ray afterglow flux in the 2-10 keV band normalized to 10 hours after burst (including error); (6) the temporal break (including error) of the optical afterglow light curves (t b ); (7) the optical temporal decay index before the break (α 1 ); (8) the optical temporal decay index after the break (α 2 ); (9) references; (10) the optical afterglow adjusted to R band magnitudes at 11 hours. The means of α x , α 1 , and α 2 in our sample are 1.41, 1.0, and 2.0, respectively. For those bursts with no α x , α 1 , and α 2 available, we take these means in our calculation.
With the data collected in Tables 1 and 2, we can calculate the total isotropic energies in the gamma-ray prompt emission (E γ,iso ), in the X-ray afterglow emission (E XA,iso ), and in the optical afterglow emission (E OA,iso ), i.e.
and
(3) Here D L (z) is the luminosity distance at redshift z, k is a k-correction factor to correct the observed gamma-ray fluence at an observed bandpass to a given bandpass in the rest frame (1 − 10 4 keV in this analysis), t 1 and t 2 Table 2 X-ray and optical afterglow data of the GRB sample adopted in this paper Table 3 Derived isotropic energies, rest frame peak energies and rest fram temporal breaks for the GRB sample adopted in this paper (Assuming ΩM = 0.28 and ΩΛ = 0.72) are respectively the start and the end times of the afterglow phase, F x is the flux of the X-ray afterglow in the 2-10 keV band, and F R is the flux of the optical afterglow in R band (F R = ν R f ν ). Since the very early afterglows might be significantly different from the later afterglow, and they were not detected for the GRBs in our sample, we thus take t 1 = 1 hour and t 2 = 30 days. The derived E γ,iso , E XA,iso , and E OA,iso are tabulated in Table 3 .
MULTIPLE VARIABLE REGRESSION ANALYSIS
As we have mentioned in §1, previous authors interpret the relationship among E γ,iso , E ′ p , and t ′ b based on the GRB jet model (e.g., Rhoads 1999; Sari et al. 1999) . In this scenario, the relationship among the three quantities becomes the
The indices for E γ,iso and t ′ b are not independent and are bound by the jet model. However, since the current jet model is difficult to accommodate the E jet − E p relationship, we no longer need to assume an underlying correlation between E γ,iso and t ′ b . We therefore leave all the indices as free parameters and perform a multiple variable regression analysis to search a possible empirical relationship among E γ,iso , E ′ p , and t ′ b . We also extend our analysis to search the dependence of E XA,iso and E OA,iso on E ′ p and t ′ b , respectively. The regression model we use readŝ
We measure the significance level of the dependence of each variable on the model by the probability of a t-test (p t ). The significance of the global regression is measured by a F-test (statistics F and corresponding significance level p F ) and a Spearman linear correlation between logÊ iso and log E iso (correlation coefficient r and significance level p S ). We find that E γ,iso strongly depends on both E ′ p and t ′ b with a very small uncertainty (Table 4, Fig.1 ). The actual dependence format depends on the cosmology adopted. For a flat Universe with Ω M = 0.28, this relation readŝ 
LUMINOSITY INDICATOR AND COSMOLOGICAL

IMPLICATIONS
The dispersion of theÊ γ,iso (E ′ p , t ′ b ) relationship is so small that it could potentially serve as a luminosity indicator for the cosmological study. This relationship is pure empirical, exclusively using measurements, and without imposing any theoretical models and assumptions. It therefore suffers less uncertainties/criticisms than does the Ghirlanda relation (e.g. Friedmann & Bloom 2005 ). Below we will discuss the cosmological implications for this Table 4 The results of multiple variable regression analysis (Assuming ΩM = 0.28 and ΩΛ = 0.72)
48. The distance modulus of a GRB, which is defined as µ ≡ 5 log(D L /10pc), could be measured by this luminosity indicator aŝ
Since the luminosity indicator is cosmology-dependent,μ is also cosmology-dependent. We therefore cannot directly use this relationship for our purpose. Ideally, it would be calibrated by local GRBs (e.g., z < 0.1), as is the case for Type Ia supernova cosmology. However, the GRB low redshift sample is small. More importantly, the local GRBs appear to have different characteristics than the cosmological ones (e.g. long lag, less luminous etc), so that they may not belong to the subclass of GRBs we are discussing. We are left out without a real (cosmological-independent) luminosity indicator at this time. The distance modulus derived from the data,μ, and its observational error, σμ, are plotted against the distance modulus derived from theory, µ. The cosmological parameters are adopted as Ω = 0.28 and Ω Λ = 0.72. .
We adopt the following method to circumvent the difficulty. We first recalibrate this relationship in each cosmological model, and then calculate the goodness of the relationship in that cosmology by χ 2 statics. We then construct a relation which is weighed by the goodness of each cosmology-dependent relationship, and use this cosmology-weighed relationship to measure the Universe. The procedure to calculate the probability function of a cosmological parameter set (denoted as Ω, which includes both Ω M and Ω Λ ) is the following.
(1) Calibrate and weigh the luminosity indicator in each cosmology. Given a particular set of cosmological parameters (Ω), we perform a multiple variable regression analysis and get a best-fit correlationÊ γ,iso (Ω; E ′ p , t ′ b ). We evaluate the probability (w(Ω)) of using this relation as a cosmology-independent luminosity indicator via χ 2 statistics, i.e.
The smaller the χ 2 r , the better the fit, and hence, the higher probability for this cosmology-dependent relation-ship to serve as a cosmological independent luminosity indicator. We assume that the distribution of the χ 2 w (Ω) is normal, so that the probability can be calculated as
) relationship derived in each cosmology as a cosmology-independent luminosity indicator without considering its systematic error, and calculate the corresponding distance modulusμ(Ω) [eq. 6] and its error σμ, which is
(3) Calculate the theoretical distance modulus µ(Ω) in an arbitrary set of cosmological parameters (denoted by Ω), and calculate the χ 2 of µ(Ω) againstμ(Ω), i.e.
(4) Assuming that the distribution of χ 2 (Ω|Ω) is also normal, calculate the probability that the cosmology parameter set Ω is the right one according to the luminosity indicator derived from the cosmological parameter setΩ, i.e. p(Ω|Ω) ∝ e −χ 2 (Ω|Ω)/2 .
With eq.(8), we can define a weighed-likelihood by w(Ω)p(Ω|Ω).
(5) IntegrateΩ over the full cosmology parameter space to get the final normalized probability that the cosmology Ω is the right one, i.e.
In our calculation, the integration in eq.(12) is computed through summing over a wide range of the cosmology parameter space to make the sum converge, i.e., The essential ingredient of our method is that we do not include the systematical error of theÊ γ,iso (Ω; E ′ p , t ′ b ) relationship into σμ s,i . Instead, we evaluate the probability that a particular relationship can be served as a cosmology-independent luminosity indicator using its systematical error, and integrate over the full cosmology parameter space to get the final probability of a cosmology with the parameter set Ω. In Figure 4 we plotμ against µ with σμ s in the case of Ω = 0.28 and Ω Λ = 0.72 cosmology. Similar investigation could be done for other cosmology. Below, we will apply the approach discussed above to investigate the possible implications on the cosmography and cosmological dynamics with our GRB sample.
Implications for Ω M and Ω Λ
In a Friedmann-Robertson-Walker (FRW) cosmology with mass density Ω M and vacuum energy density Ω Λ , the luminosity distance is given by
where c is the speed of light, H 0 is the present Hubble constant, Ω k = 1 − Ω M − Ω Λ denotes the curvature of the universe, and "sinn" is sinh for Ω k > 0 and sin for Ω k < 0. For a flat universe (Ω k = 0), and equation 14 turns out to be c(1 + z)H −1 0 multiplies the integral. We calculate p(Ω) with our GRB sample, where Ω = (Ω M , Ω Λ ). Since both [σ z /(1 + z)] 2 and (σ k /k) 2 are significantly smaller than the other terms in eq.(9), they are ignored in our calculations. Shown in Figure 5 are the most possible value of (Ω M , Ω Λ ) and the 1σ to 3σ contours of the likelihood in the (Ω M ,Ω Λ ) plane. The most possible value of (Ω M , Ω Λ ) is (0.24, 0.68). The contours show that 0.05 < Ω M < 0.55 at 1σ, but Ω Λ is poorly constrained, i.e. Ω Λ < 1.2 at 1σ. For a flat Universe, as denoted as the dashed line in Figure   5 , the constraints are tighter, i.e. 0.14 < Ω M < 0.53 and 0.56 < Ω Λ < 0.85 at 1σ. Riess et al. (2004) found the evidence from SNe Ia that the Universe was switched from a decelerating phase to the current accelerating phase at an epoch of z t = 0.46 ± 0.13, assuming that the decelerating factor q evolves with redshift as q(z) = q 0 +zdq/dz. Same as Riess et al. (2004) , we take q(z) = q 0 + zdq/dz to analyze the implications for q 0 and dq/dz from the current GRB sample. The luminosity distance in a (q 0 , dq/dz) model can be written as
Implications for the cosmology dynamics
We calculate the values of P (Ω) (where Ω = (q 0 , dq/dz)) still using the cosmology-weighed standard candle discussed above. Shown in Figure 6 are the most possible values of (q 0 , dq/dz) and their likelihood interval contours from 1σ to 3σ. The most possible values of (q 0 , dq/dz) are (−0.1, 1.12), and at 1σ level their values are constrained in the ranges of −2.23 < q 0 < 0.15 and −0.27 < dq/dz < 3.53. Although the current sample still does not place a tight constrain on both q 0 and dq/dz, it shows that q 0 tends to be less than 0 and dq/dz tends to be greater than 0, suggesting that the Universe is accelerating now, and at a given epoch z t in the past, q(z t ) = 0 is satisfied, which denotes the transition between the past decelerating phase and the current accelerating phase. The likelihood function of z t derived from the current GRB sample is shown in Figure 7 . We calculate the best value of z t bŷ
and we getẑ t = 0.75 +0.31 −0.17 at 1σ.
CONCLUSIONS AND DISCUSSION
Without imposing any theoretical models and assumptions, we investigate the relationship among E γ,iso , E ′ p and t ′ b using a multiple variable regression method. Our GRB sample includes 15 bursts, whose E ′ p and t ′ b are well measured. The results show that E γ,iso strongly depends on both E ′ p and t ′ b with a very small dispersion, e.g. eq.
[5] for a flat Universe with Ω M = 0.28. We also perform the similar analysis by replacing E γ,iso by the isotropic afterglow energies in the X-ray and optical bands, and that these energies are essentially not related to E ′ p and t ′ b at all. We then use the E γ,iso (E ′ p , t ′ b ) relationship as a luminosity indicator to infer the possible cosmology implications from the GRB sample. Since this relationship is cosmologydependent, we suggest a new method to weigh various cosmology-dependent relationships with its probability of being the right one, and use the cosmology-weighed standard candle to explore the most plausible cosmological parameters. Our results show that the most possible values are (Ω M , Ω Λ ) = (0.24, 0.68). At 1σ level, we have 0.05 < Ω M < 0.55 and Ω Λ < 1.2. In the case of a flat Universe, the 1σ constraints are 0.14 < Ω M < 0.53 and 0.56 < Ω Λ < 0.85. The decelerating factor of the Universe (q) and its cosmological evolution (dq/dz) are also investigated with an evolutionary form of q = q 0 + zdq/dz. The GRB sample implies that the most possible values of (q 0 , dq/dz) are (−0.1, 1.12), and they are constrained in the ranges of −2.23 < q 0 < 0.15 and −0.27 < dq/dz < 3.53 at 1σ level. A transition redshift between the deceleration and the acceleration phases of the Universe is inferred aŝ z t = 0.75 +0.31 −0.17 at 1σ level from the GRB sample. We have derived a pure empirical multi-variable relationship among E γ,iso , E ′ p and t ′ b without imposing any models and assumptions. As a luminosity indicator, it takes advantage upon the previous Ghirlanda relation in that only pure observational data are involved. Since this luminosity indicator is cosmology-dependent, we use a strategy through weighing this relationship in all possible cosmologies to statistically study the cosmography and cosmological dynamics. A similar method has been used in the SN cosmology when dealing with the uncertainty of the present Hubble constant H 0 . In their method (e.g. Riess et al. 1998) , the systematic error of H 0 is not included to calculate the error of the distance modulus. Rather, they integrated the probability of H 0 over a large range values (without weighing for each value of H 0 ). This is the so-called marginalization method. We also perform this marginalization method to deal with our coefficients (κ 0 , κ 1 and κ 2 ), and re-do the cosmology-analysis. This is equivalent to integrating over the whole cosmology parameter space without weighing, i.e., The result using this method to constrain Ω M and Ω Λ is presented in Figure 8 . Comparing it with Fig.5 , we find that both methods give consistent results, but Fig.5 gives a tighter constraint on cosmological parameters. This is understandable, since the weighing method adds more weight to the "good" cosmologies. In any case, an essential in-gredient of of both methods that the uncertainty of the standard candle itself is not included in calculating the uncertainty of the distance modulus derived from the data. If the uncertainty of the standard candle is indeed included in the uncertainty of the distance modulus, with eqs. (12) and (17) to calculate p(Ω), one gets a very loose constraint ( Fig.9) . Even at 1σ level the current GRB sample cannot place any meaningful constraints on both Ω M and Ω Λ ). We believe, however, that in such a treatment, the uncertainty of the distance modulus is over-estimated, since the error introduced from measurements should not be mixed with the systematic uncertainty of the standard candle. We have shown that our GRB sample has placed some constraints on the cosmology parameters with our analysis method. Although these constraints are significantly weaker than that from SNe Ia, GRBs are systematically located at much higher redshifts than the SNe Ia sample. So GRBs naturally extend the cosmic rulers to higher redshifts. The spectra and observed fluences of high redshift bursts may not be too different from the nearby ones (Lamb & Reichart 2000) . For example, the fluence of GRB 000131 (z = 4.5) is 1 × 10 −5 erg cm −2 in the 25-100 keV band (Hurley et al. 2000) , which is significantly larger than the fluence of typical GRBs (∼ 10 −6 erg cm −2 in the 25-2000 keV band). The highest redshift burst in our sample is GRB 020124 (z = 3.2). Its fluence is 6.8 × 10 −6 erg cm −2 in the 30-400 keV band, and its observed peak energy is 120 keV. These observations indicate that the current GRB missions, such as Swift and HETE-2, are adequate to observe high redshift GRBs with a similar accuracy as normal GRBs at z ∼ 1. Since the current Swift operation indicates that it is unlikely in the near future to have a significant increase of the GRB sample with all three quantities needed in our standard candle analysis (E ′ p , t ′ b and z) measured, we suspect that a fraction of high-z GRBs may enhance the significance of the cosmology fits. We then explore the consequence of detecting several high-redshift bursts. We artificially constructed 5 pseudo high redshift GRBs, with z = 5.0, 5.5, 6.0, 6.5, 7.0, respectively. We assume that they all have similar observational accuracy as the bursts in our sample. These bursts satisfy the following criteria: (1) they are bright enough (E iso ∼ 10 54 ergs); (2) the peak energy should be properly observed by Swift/BAT instrument (the Swift/BAT energy band is ∼ 20 − 450 keV); (3) they follow eq.5, and the t b inferred from this relationship should be less than a week (the temporal break in the optical afterglow light curve is observed in a fraction of a day to a few days.). We construct a standard Swift GRB as S γ = 1 × 10 −5 erg cm −2 in 20 − 350 keV band, α = −1, β = −2.3, and E p = 100 keV. The t b inferred from the eq.5 for such a burst located at a redshift of 5.0, 5.5, 6.0, 6.5, and 7.0 are 2.44, 2.79, 3.03, 3.36, and 3.85 days, respectively. The medians of σ Ep /E p , σ tj /t j , and σ Sγ /S γ for the observed sample (Tables 1 and 2) are 16%, 16%, and 10%, respectively. We thus take the same ratios of the uncertainties of E p , t b , and S γ for these pseudo GRBs. The cosmological constraints from these pseudo GRBs together with the observed GRB sample are shown in Figures 10 and 11 . It is found that they indeed place tighter constraints on the cosmological parameters. It is widely believed that t b is caused by GRB jets. Within the jet model (Rhoads 1999; Sari et al. 1999 ), one has E jet ≃ 0.5E γ,iso θ 2 j ∝ (E γ,iso t ′ b ) 3/4 . The so-called Ghirlanda-relation E jet ∝ E ′ 3/2 p therefore corresponds to E iso ∝ E ′ 2 p t ′ −1 b , which is roughly consistent with our multiple variable regression results (eq.5). However, as discussed in §1, there is no straightforward explanation of the Ghirlanda-relation within the jet model. This leads us to explore pure empirical multi-variable relations from the directly observable quantities. The fact that E γ,iso strongly depends on E ′ p and t ′ b with very small dispersion, while both E XA,iso and E OA,iso do not, hints a possibility that t ′ b is a quantity related to the prompt gamma-ray emission rather than to the afterglow. Similar signature was previously found by Salmonson & Galama (2002) , who discovered a tight correlation between the pulse lag of the prompt gamma-ray emission and t b . We therefore suspect that t b might be a unique probe to the prompt gamma-ray emission.
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